A mass spectrometer with a membrane inlet was used to monitor lightdriven 02 evolution, 02 uptake, and CO2 uptake in suspensions of algae (Scenedesmus obHlquus 
distinct delay between the cessation of C02 uptake and the increase in 02 uptake. We ascribe this delay to the transient utilization of another electron acceptor-possibly bicarbonate or another bound form of CO2.
Light-induced 02 uptake in green plants appears to be due to several processes (e.g. ref.
3). In a previous communication (7) we reported that illuminated algae can reduce 02 at a high rate under conditions in which CO2 fixation is not occurring. For example, during the lag in CO2 reduction following a dark-light transition, 02 evolution occurs at a high rate but is compensated by a concomitant 02 uptake. A high rate of 02 uptake, fully compensating 02 evolution, is also observed in the presence of inhibitors of CO2 fixation, which indicates that a special high capacity oxidase distinct from ribulose-diP oxygenase exists in whole cells. In this communication, we describe experiments in which we determined the 02 affinity of the oxidase involved in this 02 cycle, and the kinetics of 02 uptake under low CO2 conditions. A preliminary report of this work was presented earlier (6) .
MATERIALS AND METHODS
The mass spectrometer inlet system, data acquisition system, and assay procedures used in these experiments were similar to those described earlier (7, 8) . Algae were suspended in 0.1 M phosphate buffer (pH 6). The pertinent cell densities are given in the figure legends.
The values for 02 uptake (Uo) and evolution (Eo) were obtained from the expressions: Cultures of Scenedesmus obliquus (Gaffron strain D3) were grown under the conditions described previously in this laboratory (2) . Ten mm NH4' was used as the nitrogen source to avoid interference due to nitrate reduction. Due to an unavoidable mass spectrometer background at m/e = 44 ('2CO2), measurements of low CO2 concentrations necessitated the use of 13C-labeled algae.
To this end, Scenedesmus cells were grown in a closed culture vessel containing 13CO2 generated from 13C-labeled barium carbonate (the initial concentration of CO2 in the gas phase was 5%). Chl concentrations were determined by the methods described in (2) .
RESULTS AND DISCUSSION
Substrate Affinity of 03 Cycle (Apparent Kin). As described earlier (7), in the presence of the Calvin cycle inhibitor, iodoacetamide, 02 uptake replaces CO2 uptake and balances 02 evolution, so that there is no net change in 02 concentration. This inhibitor offers the opportunity to study the 02 uptake reaction unemcumbered by the varying and complicating effects of CO2. Figure 1 , which is a compilation of a series of experiments similar to those of Figure 2 in reference 7, shows the net rates of 02 uptake (and 02 evolution, the two are mirror images) by Scenedesmus D3 in the presence of iodoacetamide. Note that at 02 concentrations above 30% the rate is maximal and invariant within experimental error (in Fig. 1 fig.) . In this experiment we used algae grown in 3CO2 and no CO2 was added; the CO2 in the reaction vessel originated from carryover from the culture medium and respiration during the preceding dark period (-10'), and therefore it consisted mainly of CO2. During the first 5 min ofillumination (excluding the lag), net 02 evolution and CO2 uptake proceeded with constant and near equal velocity; the assimilatory quotient (ACO2/A02) was 0.93 to 0.98.
At the moment that the concentration of free CO2 reached -30 ,LM, the rate of CO2 uptake began to decline, as can be seen more clearly in the bottom panel of Figure 2 . At 1O jUM free CO2 (15 yM "total CO2") the CO2 uptake rate had dropped to half (c.J left dashed line). Surprisingly, this decline of the CO2 uptake rate was not at ali reflected in the 02 uptake trace. The 02 uptake remained had attained a steady state. Gas exchange was monitored at the rate of 13.5 cycles (67.5 m/e values)/min (see legend of Fig. 1 ). Each point in the figure represents the value of 02 evolution (Eo). 02 uptake (Uo), and CO2 uptake ( Uc), computed as described under "Materials and Methods." The final cell concentration was 0.3% (v/v constant until the CO2 uptake rate had practically declined to zero and the CO2 concentration had dropped to ' 10 jIM. At that point, 02 uptake showed a sudden break, after which the uptake rate equaled the evolution rate. Note that 02 evolution (and therefore electron transport) was relatively invariant during (and after) the transition from CO2 uptake to 02 uptake. In this instance the 02 cycle proceeded at high rate in the absence of an inhibitor of CO2 fixation.
The final CO2 concentration cannot be very precisely determined in this experiment; we estimate it to be O.l1 /M C02, which corresponds to about 3 ,ul/l CO2 in the gas phase. This number is consistent with the findings of Brown and Tregunna (1), who showed that Scenedesmus can deplete the CO2 concentration to a very low level.
An intriguing aspect of the experiment in Figure 2 is the temporary change in the value of the function (Eo-Uo-Uc). During this time 02 was evolved without concomitant CO2 uptake, indicating the transient utilization of an electron acceptor other than external CO22. The top panel of Figure 2 shows the accumulated "uptake deficit" (i.e. the 02 evolution not balanced by either CO2 or 02 uptake). This same pool is also shown by the 2This discrepancy, lasting about a minute, is not due to C02-HC03-disequilibrium in the suspension medium; we measured a haltime of only -5 sec for this reaction.
hatched area in the bottom panel. In three experiments of this type we found near identical pool sizes, about I C02/Chl.
At the moment we can only speculate as to the identity of this alternate electron acceptor. A likely candidate is HCO3F; there is evidence that bicarbonate is actively accumulated by some algae (e.g. 9). Such an energy-consuming process may underlie the very low CO2 depletion values observed with these algae (cf. Fig. 2 and ref. 1) , equivalent to those obtained with C4 plants.
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